The complete amino acid sequence of Achromobacter Zyticus protease I (EC 3.4.21.50), which specifically hydrolyzes lysyl peptide bonds, has been established. This has been achieved by sequence analysis of the reduced and S-carboxymethylated protease and of peptides obtained by enzymatic digestion with Achromobacter protease I itself and Staphylococcus aureus V8 protease and by chemical cleavage with cyanogen bromide. The protease consists of 268 residues with three disulfide bonds, which have been assigned to CyseCysZ", Cy~'~-Cys'~, and C y~~' -C y s~~. Comparison of the amino acid sequence of Achromobacter protease and other serine proteases of bacterial and mammalian origins has revealed that Achromobacter protease I is a mammalian-type serine protease of which the catalytic triad comprises His", Asp113, and Serlo4. It has also been shown that the protease has 9-and 26-residue extensions of the peptide chain at the N and C termini, respectively, and overall sequence homology is as low as 2090 with bovine trypsin. The presence of a disulfide bridge between the N-terminal extension Cys' and CysZ1' close to the putative active site in the C-terminal region is thought to be responsible for the generation of maximal proteolytic function in the pH range 8.5-10.7 and enhanced stability to denaturation.
arginine counterpart does not react at all (2). These and other results obtained in substrate specificity experiments as well as fragmentation of polypeptide chains in protein sequence analysis suggest strongly that the protease is a serine protease and specific for lysine. We have undertaken the elucidation of the complete amino acid sequence ofAchromobacter protein I in order to clarify its covalent structure. We report here the primary structure of the protease determined by protein sequencing and structural characteristics evidenced by sequence comparison between this and other mammalian-type serine proteases of which the tertiary structures are known.
EXPERIMENTAL PROCEDURES' RESULTS AND DISCUSSION
Direct sequencing of acid-denatured Achromobacter protease I with an automated sequenator determined the sequence of the N-terminal34 residues (Table I) . Seven peptides (AP-1 to AP-6a and AP-6b) obtained by digestion with the protease from reduced and S-carboxymethylated Achromobacter protease I were separated by reverse-phase HPLC3 ( Fig. IS) and analyzed for their amino acid compositions (Table 11) . Of seven peptides, two (AP-1 and AP-2) were completely sequenced, and the remaining five were partially sequenced (Table 111 ). These five peptides were subfragmented by digestion with trypsin (T-peptides: AP-3, AP-4, AP-6a, and AP-Gb), chymotrypsin (Ch-peptides: AP-5), and thermolysin (Th-peptides: AP-5) and by cleavage at Asp-Pro bonds (DP-peptides: AP-6a and AP-6b). Subfragmented peptides were isolated by reverse-phase HPLC (Figs. 2s-7s) and analyzed for their amino acid composition (Tables IV-IX) . All the peptides necessary to complete the sequences of AP-3 to AP-6 were isolated and subjected to automated Edman degradation. The amino acid sequences of the peptides were determined, except for 4 residues (2 serine and 2 threonine residues) around the C terminus of AP-3 (Tables X-XIII) . Both AP-6a and AP-6b, with the same amino acid composition (Table 11) , were found to have no C-terminal lysine and were assigned to the C terminus. The separation of AP-6a and AP-6b on a reverse-phase column is possibly due to partial oxidation of tryptophan and/or isomerization of proline peptide bonds (5, 6). Proline was determined by C-terminal analysis of AP-6 and reduced and S-carboxymethylated Achromobacter protease I by carboxypeptidase Y digestion ( Primary Structure of Achromobacter Protease 8s). From the sequence information thus obtained on APpeptides, AP-1 to AP-6 were placed in the following order: AP-l-AP-2-(AP-3, AP-4, AP-5)-AP-6. To align AP-3 to AP-5 and to confirm the connection of AP-3 to the other APpeptides, additional necessary peptides were sought among the V8-and CB-generated peptides from reduced and Scarboxymethylated Achromobacter protease I. Six peptides, those spanning V8-4 to V8-7 and CB-2 and CB-4, were obtained (Figs. 9s and 10s ) and partially sequenced (Tables  XIV and XV) . By this analysis, all sequenced peptides overlapped the connecting portions of each AP-peptide except for the connection from AP-2 to AP-3; and all undefined sequences in AP-peptides were determined. CB-1, connecting AP-2 to AP-3, was partially sequenced, and the results of the amino acid and sequence analyses (Tables XVI and XVII) are compatible with results previously determined for two APpeptides at the C terminus of CB-1 with homoserine (or the lactone) derived from Met5'. The results from all the peptides eventually gave the complete amino acid sequence of Achromobacter protease I (Fig. 1) .
The values obtained by amino acid analysis are, within experimental error, in good agreement with those calculated from the amino acid sequence thus established (Table XVIII) .
Since no free thiol groups were detected in Achromobacter protease I, three disulfide bonds were expected to exist, and their location was examined. In these experiments, an efficient procedure involving digestion with trypsin of peptic peptides that were once-fractionated by reverse-phase HPLC has been used for isolation of cystine-containing peptides (Fig. 11s) . By this procedure, six PT-peptides were finally obtained and sequenced (Tables XIX and XX) . Comparison with the established amino acid sequence showed that these six peptides were related by three different disulfide bonds: C~s~-C y s~'~, C y~~~-C y s~~, and C y~~~--C y s~~. To examine similarities and dissimilarities in amino acid sequence, the primary structure of Achromobacter protease I established in this paper was first compared with mammaliantype serine proteases. The amino acid sequence was aligned with seven other mammalian-type serine proteases of which the tertiary structures are known (7, 8). This alignment is depicted in Fig. 2 .
As indicated, the overall sequence similarity of Achromobacter protease I with any of these typical serine proteases is very low (-20%). However, sequence homology was found in several regions. These are the regions around His57, Asp113, and Serlg4, corresponding to His57, Asp'02, and Serlg5 (chymotrypsinogen numbering) in the catalytic triad of trypsin. This is in contract to the finding that there is no similarity between the sequence of Achromobacter protease I and those of subtilisins BPN' and Carlsberg (9) 
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ISGC"-----"-- lysine-specific serine protease are summarized below. (i) Characteristic N-terminal 9-residue and C-terminal 26-residue extensions are present, and these extensions may be related to the enhanced stability of Achromobacter protease I to denaturants. (ii) The amino acid preceding catalytic Serlg4 is serine and not aspartic acid. It is known that aspartic acid takes part in the building of the active site by formation of an ion pair with the protonated a-amino group of Ile16 in chymotrypsin (10) and in trypsin (11, 12) . Therefore, in Achromobacter protease I, a different structure may be responsible for this electrostatic interaction. (iii) Two new disulfide bonds have been determined for the first time in the family of mammalian-type serine proteases: C y~~-C y s *~~ and C y~'~-C y s~~. The Cys6-CysZ"j bond is particularly interesting considering its possible role in the maintenance of the active structure of Achrornobacter protease I in alkaline media and in stability against denaturation. (iv) No aspartic acid is present at a position corresponding to AsplSg, a principal substrate specificity determinant in the hydrophobic pocket of trypsin (11, 12) . Instead, Glulw and Aspzz5 are the only acidic residues which are involved at all with the S1 hydrophobic pocket, as in the case of trypsin. Accordingly, the involvement of either G~U "~ or or both, in the specificity of Achrornobacter protease I is suggested. (v) The sequence His210-Gly211-Gly212 corresponds to three subsites, Ser214(S1)-Trp"5(S2)-Gly"6(S3), involved in the binding of substrates to trypsin. At least three subsites for substrate binding in Achromobacter protease I have been detected by subsite mapping analy~is.~ Therefore, a similar functional role for His210 of Achromobacter protease I (as compared with Ser2I4 of trypsin) can be postulated.
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The significance of the structural features discussed here is M. Suzuki, A. Yamamoto, S. Novioka, S. Aimoto, F. Sakiyama, T. Masaki, and M. Soejima, unpublished results. based on the assumption that there is an extensive tertiary structural homology among Achromobacter protease I and other mammalian-type serine proteases. In fact, it is known that bacterial serine proteases, having about 20% sequence identity in the family of mammalian-type serine proteases, fold into tertiary structures very similar to those of mammalian serine proteases such as trypsin and chymotrypsin. The topological equivalence, estimated in terms of the position of the a-atoms of the peptide chains, amounts to about 60% (8). Nevertheless, the determination of the tertiary structure of Achromobacter protease I and investigations by site-directed mutagenesis should be done to verify our predictions about the structural and functional roles of amino acids and peptide segments discussed in this paper.
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